Purpose. A new automated Cobas u 701 microscopy analyser for urine sediment examination was introduced. The aim of this study was to evaluate the analyser in comparison with urine culture in screening for urinary tract infection (UTI).
INTRODUCTION
Urinary tract infection (UTI) is a common infectious disease in the community as well as in health-care institutions [1] [2] [3] . It is more common in women than in men, and recurrent infections are reported in 26 % of women with an initial UTI [4, 5] . These infections can cause serious complications in children, pregnant women and the elderly [6, 7] .
Urine culture is commonly used for the diagnosis of UTI and is considered to be the gold standard for diagnosis. However, this procedure is both time-consuming and laborious. It takes about 48 to 72 h to obtain a final identification of the infecting organism. In addition, as many as 80 % of requested urine cultures prove to be negative. Thus, a rapid screening test is necessary to rule out UTI.
It is common to use a fully automated urine sediment analyser in clinical laboratories [4, 8] . A flow cytometry-based analyser has been investigated as a screening tool for UTI and showed good performance [9, 10] . Recently, the Cobas u 701 microscopy analyser (Roche Diagnostics International, Rotkreuz, Switzerland) was introduced as a fully automated urinary sediment analyser. This instrument can analyse microscopy images captured by a digital camera in urine sediment.
The aim of this study was to evaluate the Cobas u 701 microscopy analyser for screening for UTI by comparing it with urine culture.
METHODS
A total of 852 urine specimens submitted for culture were included in this study. A 1 µl sample of urine was quantitatively inoculated onto an agar plate. The growth of pathogens was recorded as colony-forming units (c.f.u.) per millilitre. A bacterial count of !10 5 c.f.u. ml À1 was considered to be positive for UTI, and no growth or <10 5 c.f.u. ml À1 was considered to be negative. Three or more isolates without a dominant pathogen was considered to represent contamination. We also analysed the diagnostic performance based on the cutoff value of !10 4 c.f.u. ml
À1
. Species identification was performed using the Vitek2 system (bio-M erieux, Marcy d'Étoile, France) and conventional biochemical tests.
A urine specimen also was run in the one-step automated mode on the Cobas u 701 microscopy analyser. A sample of 200 µl of well-mixed urine was transferred to the cuvette and then centrifuged. All particles recovered from the specimen were saved as 15 high-quality digital images and interpreted by Auto Image Evaluation Module (AIEM) software (Roche Diagnostics International). The Cobas u 701 microscopy analyser provides quantitative analysis of red blood cells (RBCs) and white blood cells (WBCs), semiquantitative analysis of bacteria, squamous epithelial cells, nonsquamous epithelial cells and hyaline casts, and qualitative analysis of pathological casts, crystals, yeast, sperm and mucus.
We focused on both bacteria (BAC) and yeast (YEA) in the Cobas u 701 analyser as the main elements to screen for UTI. In addition, we analysed WBCs as measured by the Cobas u 701 analyser, and leukocyte and nitrite as measured by the Cobas u 601 system, to compare with BAC. We reviewed the microscopic findings using the saved digital images directly for turbid specimens. We calculated the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of BAC and YEA by comparing them with the urine culture.
RESULTS
Of 852 urine specimens, 16.1 % (N=137) were positive by urine culture, while the rest revealed no growth or microorganism counts of <10 5 c.f.u. ml
À1
. The isolates included 130 bacteria from 124 specimens and 14 yeasts from 14 specimens. Among these, six specimens were mixed infections with two bacteria, and one specimen was a mixed infection with a bacterium and yeast.
The most common microorganism was Escherichia coli (46.5 %; N=67), followed by Enterococcus faecalis (13.2 %; N=19), Klebsiella pneumoniae (6.3 %; N=9), Acinetobacter baumannii (3.5 %; N=5), Candida albicans (3.5 %; N=5), Corynebacterium striatum (3.5 %; N=5), Candida glabrata (3.5 %; N=5), and others (Table 1) .
We could obtain a final result for BAC and YEA in 800 (93.9 %) of the 852 specimens using the Cobas u 701 analyser. On the other hand, the analyser provided no result for 52 specimens that were highly turbid. The BAC and YEA results from Cobas u 701 were compared with the culture results for these 800 specimens. The sensitivity, specificity, PPV and NPV were 85.8, 69.4, 33.1 and 96.5 %, respectively ( Table 2) . We investigated the diagnostic performance of the Cobas u 701 analyser by dividing the results into BAC and YEA. According to the reported BAC results, the sensitivity of the 30, 100 and 200/field was 81.5, 64.8 and 33.3 %, respectively, and the specificity was 73.8, 89.5 and 97.1 %, respectively (Table 3) . Hence, we selected 30/field as the cutoff value for the screening of UTI and determined that the sensitivity, specificity, PPV and NPV were 81.5, 73.8, 32.7 and 96.2 % for BAC. The diagnostic performance showed different results for Gramnegative bacilli, Gram-positive cocci and Gram-positive bacilli, and their sensitivity was 84.9, 75.9, and 66.7 %, respectively. The sensitivity, specificity, PPV and NPV for YEA were 100, 91.9, 15.8 and 100 %, respectively, so we can expect the Cobas u 701 system to be valuable for the detection of yeast in urine. On the basis of a cutoff value !10 4 c.f.u. ml
, 24.2 % of the specimens (N=206) were positive by urine culture, and the sensitivity and specificity were 78.8 and 73.1 %, respectively. We reviewed the turbid specimens directly using the saved digital images. Among these, 20 specimens were positive (16 bacteria and 4 fungi), and 26 specimens were negative for microorganisms. We could not interpret the remaining six specimens, because of high turbidity, and the specimens would have required manual dilution. When we added these results, the final diagnostic sensitivity, specificity, PPV and NPV for the total of 852 specimens were 86.6, 70.7, 37.2 and 96.4 %, respectively.
We compared the WBC results with BAC for screening for UTI using receiver operating characteristic (ROC) curves, comparing them against the culture results (Fig. 1) . The area under the curve (AUC) for BAC was greater than that for the WBC count. The AUCs for BAC and WBCs were 0.827 [95 % confidence interval (CI) 0.799, 0.852] and 0.727 (95 % CI 0.695, 0.757), respectively. The sensitivity and specificity of the leukocyte measurements using the Cobas u 601system were 63.5 and 74.7 %, respectively. The sensitivity and specificity of nitrite were 54.6 and 90.1 %, respectively.
DISCUSSION
Urine culture is commonly used in the clinical laboratory and is considered to be the gold standard for the diagnosis of UTI. A rapid screening test would be very useful to rule out UTI and reduce the need for cultures. Several tests have been used in screening for UTI. These include biochemical dipstick analysis for WBCs and nitrite, direct microscopic examination for bacteria and leukocytes, and automated microscopy systems.
The Cobas 6500 urine analyser is a fully automated system for urine examination. It comprises the Cobas u 601 system for biochemical reactions using a test strip and the Cobas u 701 analyser for urine sediment. The Cobas u 701 analyser is intended for the quantitative counting of particles (RBCs and WBCs), the semi-quantitative counting of other particles (bacteria, epithelial cells and hyaline casts) and the qualitative determination of still other particles (pathological casts, crystals, yeasts, mucus and sperms). This analyser can process 116 urine specimens per hour, and it only needs 200 µl of urine for each test. The principle of sediment detection is based on the digital imaging microscopy system, unlike flow cytometry-based analysers. Images of the centrifuged particles are captured by a digital camera, and 15 images are analysed by the AIEM software.
In many clinical laboratories, conventional direct examination using a microscope has been replaced by automated microscopic systems such as the Sysmex UF series and iQ200. Sysmex launched the UF-100 based on flow cytometry analysis, and this allows automated quantification and differentiation of cellular particles in uncentrifuged urine.
There are many published reports concerning the usefulness of the UF-100 as a screening tool for UTI [11] [12] [13] , although Zaman et al. [14] describe unsatisfactory results with this tool. The sensitivity and specificity of UF-100 were 85.8 and 55.6 %, respectively, according to Regeniter et al. [11] . Kim et al. reported these values as 94.4 and 73.4 % based on a cutoff value of 3000 uL À1 for bacteria [12] . On the other hand, Zaman [14] emphasized that the use of UF-100 and a urine strip to screen urine samples for UTI is not advisable because of its low sensitivity (72.4 %) and specificity (47.5 %). The Sysmex UF-1000i advanced automated system showed good performance, with high sensitivity for the diagnosis of UTI [6, [15] [16] [17] . Broeren et al. [6] reported that the sensitivity and specificity of UF 1000i for bacteria were 96 and 78 %, respectively. The other automated microscopy system, the iQ200 workstation (Iris Diagnostics, Chatsworth, CA, USA), is based on the interpretation of digital images of particles. Chien et al. [18] compared iQ200 with UF-100 and manual microscopy and found very different bacterial counts. They concluded that it was not sufficient to screen for UTI using the bacterial count.
There were some differences in the BAC results according to bacterial shape and Gram stain characteristics. The BAC result showed high agreement with urine culture for Gramnegative bacilli, which seems to be attributable to the properties of aggregates, as described in the report by Kadkhoda et al. [17] .
The Cobas u 701 system does not provide a result when specimens shows high turbidity, and we could not obtain a result from 52 specimens for this reason. However, we were able to verify the final result for turbid specimens by reviewing the saved digital images in the microscopy analyser. The real images of urine sediment are preserved, and we can check the results repeatedly. This is an important advantage of the Cobas u 701 analyser. The dipstick WBC, leukocyte and nitrite sensitivity of the Cobas u 601 analyser was lower than that for BAC, so we can presume that BAC is more useful for screening for UTI than WBCs, leukocytes and nitrite. We did not include the distribution of patients by sex or age, or inpatient versus outpatient status, or the distribution of uropathogens among these groups, and we did not investigate the performance of carryover in the Cobas u 701 system. These are limitations of this study.
Consequently, the Cobas u 701 microscopy analyser showed good diagnostic performance. It could be used to identify culture-negative specimens and thereby reduce the number of specimens that need to be cultured in a tedious and timeconsuming procedure.
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